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(54) Power-generation detection circuit, semiconductor device, electronic device, timepiece, 
power-generation detection method, and power consumption control method 



(57) There is provided a power-genoraiion detection 
circuit which can detect a power-general ion stale by an 
AC voltage supplied from a power-generation device, 
and an electronic device having the power-generation 
detection circuit. A power-generation detection circuit 
constituted by a capacitor 3. and a MOS transistor 2, a 



resistor 4. and an inverter circuit 5 which controls charg- 
ing of the capacitor by a generation voltage from a pow- 
er-generation device 6. The MOS transistor is switched 
by an AC voltage from the power-generation device 6 
The voltage of the capacitor is detected by the inverter 
circuit to perform power-generation detection. 
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Description 

The present invention relates to a power-generation 
detection circuit of an electronic device which can be 
driven by an AC power generated by motion of a rotating 5 
weight or motion of a spring, a semiconductor device in 
which the power-generation detection circuit Is formed, 
an electronic device having the power-generation de- 
tection circuit, a timepiece, a power-generation detec- 
tion method, and a power consumption control method. 

in a compact electronic device such as a wrist watch 
suitable for portability, an electronic device which incor- 
porates a power-generation device therein to obtain a 
power for driving the electronic device without a battery 
has been devised and practically used. FIG. 15 shows '5 
the basic arrangement of an electronic device which in- 
corporates an electromagnetic generator 6 as an exam- 
ple. This portable electronic device comprises an elec- 
tromagnetic power-generalion device as the power- 
generatbn device 6. This portable electronic device 20^ 
comprises a rotating weight 7 performing swing motion 
in the electronic device, a train wrtieel mechanism 8 for 
transmitting rotating motion of the rotating weight 7 to 
the electromagnetic generator, and a stator 9 and a rotor 
10 which constitute the electromagnetic gcnorator 2S 
When the rotor 10 rotates, electromotive force is gener- 
ated by an output coil 11 of the stator 9, so that an AC 
power can be extracted. In addition the AC power out- 
put from the electromagnetic generator 6 is entirely rec- 
tified by a rectification diode bridge 1 2 to supply the pow- 30 
er to a large-capacity capacitor 13 and a circuit unit 14 
of the electronic device. When no power generation is 
performed by the electromagnetic generator 6. the cir- 
cuit unit 14 is drrven by power stored in the large-capac- 
ity capacitor 1 3 For this reason, this portable electronic 3S 
device can continuously operate the circuit unit 14 with- 
out any battery. 

This electronic device has no means for detecting 
the slate of power generation supplied from the power- 
generation device 6 and the current consumption of the ^0 
circuit unit 14 is constant regardless of the state of power 
generation of the power-generation device 6. For this 
reason, even if no power is being generated, since pow- 
er IS consumed in the circuit unit 14. the large-capacity 
capacitor 13 performs a discharging operation within a **5 
Short period of time. As a result, a problem arises in that 
the circuit unit 14 can come to a complete stop 

II is an object of the present invention to provide a 
power-generation detection circuit which can detect the 
state of power-generation (presence/absence of power so 
generation and strength ol power generation) supplied 
from a power-generation device of an electronic device 
by a simple method and can control power consumption 
of a circuit unit depending on the detected state of gen- 
eration power. It is an object of the invention similarly to 55 
provide a semiconductor device, an electronic device, 
a timepiece, a power-generation detection method, and 
a power consumption control method 



In order to solve the above problem, a power-gen- 
eration detection circuit according to the invention of 
claim 1 is characterised by comprising: switching means 
for performing a switching operation depending on a cy- 
cle of an AC power which is externally generated; a ca- 
pacity element for storing charges depending on a 
switching operation performed by said switching means: 
discharging means, inserted in a discharging path of 
said capacity element, for discharging the charges 
stored in said capacity element: and voltage detection 
means for detecting that a voltage of said capacity ele- 
ment exceeds a predetermined value. 

In the invention according to claim 2. a power-gen- 
eration detection circuit according to claim 1 is charac- 
terised in that said discharging means is a resistor ele- 
ment. 

In the invention according to claim 3, a power-gen- 
eration detection circuit according to claim 1 is charac- 
terised in that said discharging means is constituted by 
a constant-current circuit. 

In the invention according to claim 4, a powet-gen- 
eration detection circuit according to claim 3 is charac- 
terised in that said constant-current circuit is constituted 
by a constant-current source and a current mirror circuit 

In the invention according to claim 5, a power-gen- 
eration detection circuit according to claim 1 is charac- 
terised by comprising a current-limiting means, connect- 
ed in series with said capacity element, for limiting a 
charge current of said capacity element 

In the invention according to claim 6. a power-gen- 
eration detection circuit according to claim 1 is charac- 
terised in that said voltage detection means is an invert- 
er circuit. 

In the invention according to claim 7, a power-gen- 
eration detection circuit according to claim 1 is charac- 
terised in that said voltage detection means is a Schmidt 
trigger inverter circuit. 

In the invention according to claim 8. a power-gen- 
eration detection circuit according to claim 1 is charac- 
terised in thai said voltage detection circuit is a compa- 
rator circuit. 

In the invention according to claim 9. a power-gen- 
eration detection circuit according to claim 1 is charac- 
terised in that said switching means is a transistor 

In the invention according to claim 10 a power-gen- 
eration detection circuit according to claim 9 is charac- 
terised in that said transistor is a f^OS transistor. 

In the invention according to claim 11 . a power-gen- 
eration detection circuit according to claim 9 is chaiac- 
terised in that said transistor is a bipolar transistor 

In order to solve the above problem, a semiconduc- 
tor device according to the invention of claim 1 2 is char- 
acterised by comprising: switching moans for perform- 
ing a switching operation depending on a cycle of an AC 
power which is externally generated, a capacity element 
for stonng charges depending on a switching operation 
performed by said switching means discharging 
means, inserted in a discharging path of said capacity 
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element, for discharging the charges stored in said ca- 
pacity GlGmont and voltage detection means for delect- 
ing that a voltage o1 s&id capacity element exceeds a 
predeternnined value 

In the invention according to claim 13, a semicon- 
ductor device according to claim 12 is characterised in 
that said discharging means is constituted by a con- 
stant-current source and a current mirror circuit. 

In the invention according to claim 14. a semicon- 
ductor device according to claim 12 is characterised in 
that said current mirror circuit is a pair of transistors 

In the invention according to claim 15. a semicon- 
ductor device according to claim 12 is characterised in 
that said switching means is a transistor 

In the invention according to claim 16, a semicon- 
ductor device according to claim 12 is characterised in 
that said transistor is a MOS transistor 

In the invention according to claim 17, a semicon- 
ductor device according lo claim 12 is characterised in 
thai said transistor is a bipolar transistor. 

In oidei lo solve the above problem, an electronic 
device according to the invention of claim 18 is charac- 
terised by comprising: a power-generation device for 
generating an AC power: and a power-generation de- 
tection circuit constituted by switching moans lor per- 
forming a switching operation depending on a cycle oT 
the AC power generated by said power-generation de- 
vice, a capacity element for storing charges depending 
on a switching operation performed by said switching 
means, discharging means, inserted in a discharging 
path of said capacity element, for discharging the charg- 
es stored in said capacity element, and voltage detec- 
tion means for detecting that a voltage of said capacity 
element exceeds a predetermined value. 

In the invention according to claim 1 9, an electronic 
device according lo claim 18 is characterised in that said 
power-generation device has a rotating weight for per- 
lormmg swing motion and a power-generation element 
for generating electromotive force by rotating motion 
performed by said rotating weight. 

in the invention according lo claim 20. an electronic 
device accordtng lo claim 18 is characterised in that said 
power-generation device has an elastic member on 
which cJetormation force acts, rotating means for per- 
lorming rotating motion by recovery force generated by 
causing said elastic member lo return lo an original 
shape and a power-generation element for generating 
electromotive foice by the toldling motion of said rolal- 
mg means 

In the invention according lo claim 21. an electronic 
device according to claim IB is characterised in that said 
power-generatton device has a piezoelectric element 
which generates electromotive force by a piezoelectric 
effect when displacement acts on said piezoelectric el- 
ement. 

In order to solve the above problem, an electronic 
device according to the invention of claim 22 is charac- 
terised by comprising a power-generation device for 



generating an AC power; a power-generation detection 
circuit constituted by switching means for performing a 
switching operation depending on a cycle ol the AC 
power generated by said power-generation device, a 

5 capacity element for storing charges depending on a 
switching operation performed by said switching means 
discharging means, inserted in a discharging path of 
said capacity element, lor discharging the charges 
stored in said capacity element, and voltage detection 

TO means for detecting that a voltage of said capacity ele- 
ment exceeds a predetermined value: and a control cir- 
cuit for controlling power consumption of said device on 
the basis of a detection result of said voltage detection 
means 

In the invention according to claim 23, an electronic 
device according to claim 22 is characterised in that said 
control circuit determines that said power-generation 
device does not perform power generation when a volt- 
age of said capacity element is not more than the pre- 
20 determined value, and reduces power consumption of 
said device. 

in the invention according to claim 24. an electronic 
device according to claim 23 is characterised in that said 
control circuit determines that said power-generation 

^5 device is performing power generation when a voltage 
of said capacity element exceeds the predetermined 
value, and cancels the reduction in power consumption. 

In the invention according to claim 25. an electronic 
device according to claim 22 is characterised in that said 

30 control circuit controls the power consumption of said 
device in consideration of the length of time in which a 
voltage of said capacity element exceeds the predeter- 
mined value 

In order to solve the above problem, a timepiece 
35 according to the invention of claim 26 is characterised 
by comprising a power-generation device for generat- 
ing an AC power: a power-generation detection circuit 
constituted by switching means (or performing a switch- 
ing operation depending on a cycle of the AC power gen- 
-*o erated by said power-generation device, a capacity el- 
ement lor storing charges depending on a switching op- 
eration performed by said switching means, discharging 
means, inserted in a discharging path of said capacity 
element, for discharging the charges stored in said ca- 
•^5 pactty element, and voltage deieciion means lor detect- 
ing ihai a voltage of said capacity element exceeds a 
predetermined value and a timer circuit for counting 
lime 

In the invention according to claim 27. a timepiece 
so according to claim 26 is characterised in that said pow- 
er-generation device, said power-generation detection 
circuit, and said timer circuit are accommodated in a 
housing of a wrist watch. 

In the invention according to claim 28. a timepiece 
55 according to claim 26 is characterised in that said pow- 
er-generation device, said power-generation detection 
circuit, and said timer circuit are accommodated in a 
housing of a pocket watch 
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In the invention according to ciaim 29. a timepiece 
according to ciaim 26 is characterised in that said pow- 
er-generation device, said power-generation detection 
circuit, and said timer circuit are accommodated in a 
housing of a table timepiece. s 

In order to solve the above problem, a power-gen- 
eration detection method according to the invention of 
claim 30 is characterised by comprising: the first step of 
performing a charging operation to a capacity element 
by a switching operation depending on a cycle of an AC 
power which is externally generated; the second step of 
performing a discharging operation of said capacity el- 
ement when a charging operation is not performed to 
said capacity element; the third step of determining 
whether a voltage o( said capacity element is a prede- '5 
termined voltage; and the fourth step of determining that 
power generation is performed when the voltage ex- 
ceeds the predetermined voltage. 

tn order lo solve the above problem, a power con- 
sumption control method according lo the invention of ^o. 
claim 31 is characterised by comprising, the first step of 
performing a charging operation lo a capacity element 
by a switching operation depending on a cycle of an AC 
power which is externally generated; the second step of 
-performing a discharging operation of said capacity cl- 2S 
ement when a charging operation is not performed to 
said capacity element; the third step ot determining 
whether a voltage of said capacity element is a prede- 
termined voltage the fourth step of determining that no 
power generation is performed when the voltage does 30 
not exceed the predetermined voltage; and the fifth step 
of reducing power consumption of a circuit unit when no 
power generation is perfomied. 

In the invention according to claim 32. a power con- 
sumption control method according to claim 31 is char- 3S 
acterised by comprising: the sixth step of determining 
whether time in which the voltage exceeds the prede- 
termined voltage continues for a predetemnined period 
of time: and the seventh step of cancelling a reduction 
in power consumption of said circuit unit when the time -^o 
continues tor the predetermined period of lime. 

Embodiments of a power-generation detection cir- 
cuit according lo the present invention will be described 
below by way ol further example only and with reference 
lo the accompanying drawings -^5 

FIG. 1 IS a circuit block diagram showing the basic 
arrangement of an electronic device to which a power- 
generation detection circuil according lo Ihe present in- 
vention is applied. 

FIG 2 IS a circuit diagram showing an arrangement 
of a power-generation circuit according lo the present 
invention. 

FIG. 3 is a timing chart for explaining an operation 
of a power-generation detection circuit according to the 
present invention. 

FIG 4 is a circuit block diagram showing the basic 
arrangement of a power-generation detection circuit ac- 
cording to Embodiment 2 of the present invention 



FIG. 5 is a circuit block diagram showing the basic 
arrangement of a power-generation detection circuit ac- 
cording to Embodiment 3 ot the present invention. 

FIG. 6 is a circuit block diagram showing the basic 
arrangement of a power-generation detection circuit ac- 
cording to Embodiment 4 of the present invention. 

FIG. 7 is a circuit block diagram showing the basic 
arrangement ol a power-generation detection circuit ac- 
cording to Embodiment 5 of the present invention. 

FIG. 8 is a circuit block diagram showing the basic 
arrangement of a power-generation detection circuit ac- 
cording to Embodiment 6 of the present invention. 

FIG. 9 is a concept chart showing VI which is output 
from an electromagnetic generator 6 and changes de- 
pending on a change in rotating speed of a rotor 10 ac- 
cording to Embodiment 7 ot the present invention and 
shows a power-generation detection signal Vout for VI . 

FIG. 10 is a concept chart showing VI which is out- 
put from an electromagnetic generator 6 according to 
Embodiment 8 of the present invention and shows a 
powei -generation detection signal Vout for VI . 

FIG. 11 is a circuil diagram showing the basic ar- 
rangement of a power supply block according to Em- 
bodiment 9 of the present invention. 

FIG. 12 is a concept chart showing the waveforms 
of V1 and V2 which are output from an electromagnetic 
generator according to Embodiment 9 of the present in- 
vention. 

FIG 13 is a circuit diagram showing the arrange- 
ment of a power-generation detection circuit according 
to Embodiment 9 of the present invention. 

FIG. 14 is a concept chart for explaining an appli- 
cation of a power-generation detection circuit 1 of the 
present invention. 

FIG. 15 is a schematic view showing the arrange- 
ment of a power supply block of an electronic device 
having a power-generation device. 

(Embodiment 1 ) 

FIG. 1 is a circuil block diagram showing the basic 
arrangement of an electronic device to which a power- 
generation detection circuit according to the present in- 
vention IS applied. The same reference numerals are 
used in FIG. i as denote the same parts in FIG. 15. and 
a detailed description thereof will be omitted. Referring 
to FIG. 1. the electronic device is constituted by a power- 
generation detection circuit 1 . a power save control cir- 
cuit 30. a powei-genetation device 6. a rectification di- 
ode bridge 12. a large-capacity capacitor 13. and a cir- 
cuit unit 14. The basic arrangement of the power-gen- 
eration detection circuit 1 is shown in FIG. 2. In FIG. 2. 
the power- generation detection circuit 1 of this embod- 
iment is connected to the power-generation device 6. 
and is constituted by a I^OS transistor 2, a capacitor 3. 
a pull-up resistor 4, and an inverter circuit 5 

A signal from a power-generation device 6 is con- 
nected to the gate of the MOS transistor 2. and the MOS 
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transistor 2 repeats an ON/OFF operation in response 
to n gener;^ted AC voltage VI to control ch^^rging ol the 
capacitor 3 When the switching nneans is constituted 
by a MOS irarisistor a power-generation detection cir- 
cuit 1 including the inverter circuit 5 can be constituted 
by an inexpensive CMOS-IC However, the switching el- 
ement and the voltage detection means may be consti- 
tuted by bipolar transistors The pull-up resislor 4 func- 
tions to iix a voltage value V3 of the capacitor 3 to a Vdd 
potential in a no-power-generation state and generate 
a leakage current in the no-power-generation stale The 
pull-up resistor 4 has a high resistance of about several 
tens to several hundreds MW and may also be consti- 
tuted by a MOS transistor having a high ON resistance. 
The voltage value VG of the capacitor 3 is detemnined 
by the inverter circuit 5 connected to the capacitor 3 II 
a power-generatton state is set. the tnverter circuit 5 out- 
puts a power-generation detection signal Voui to be 
•HI" 

Although a low-voUage side Vss ol the circuit is 
shown as a icfeience voltage in this embodiment, as 
used in many wrist watch circuits, a high-voltage side 
Vdd may be used as a reference without any problem. 
In addHion. an AC voltage VI of the power-generation 
device 6 may bo connected to Vss through a high-rc- 
ststance resistor to make a potential in a no-power-gon- 
eration slate stable In addition, in order to turn off an 
Nchannel MOS transistor in a no-power-goneration 
state an output voltage V1 of the power-generation de- 
vice in the no-power-gencra)Jon slalemusi be made sta- 
ble St Vss. and VI is preferably connected to Vss 
through a resistor element 

The power save control circuit 30 sends a control 
signal SI to the circuit unit 14 according to the power- 
generatton detection signal Vout from the inverter circuit 
5 of the power-generation detection circuit 1 to switch 
the circuit unit T4 lo a power save mode When the cir- 
cuit unit 14 receives the conUol signal Si . the circuit unit 

14 determines the power save mode is set. and cuts a 
power supply to a mechanical driver or some functions 
of the circuit to reduce power consumption. In the power 
save mode when a timepiece (especially, a wrist watch) 

15 used as an electronic device lo be applied, for exam- 
ple moving ol needles nnay be stopped or a power sup- 
ply to some functions of the circuit (e g a sensor tunc- 
Iton. a chronograph lunction. and a liquid -crystal display 
function) may be turned off. 

An opetciliofi of ihe powet -generation ciicuit hc- 
cofdtng to this embodiment will be described below with 
reference lo the liming chart shown jn FIG 3 When gen- 
eration of an AC power is started by the power-genera- 
tion device 6. an AC signal which has an amplitude of 
'Vdd ) VF (forward voltage of a rectification diode) to 
'Vss - VF' appears al a one terminal VI of the powsf- 
generation device 6 A signal having a phase opposing 
the phase oi VI and the same amplitude as that of Vl 
appears at the other terminal V2 of the power-genera- 
tion device When generation is started, and the voltage 



Vl rises from Vss lo Vdd. the MOS transistor 2 is turned 
on to start charging of the capacitor 3 The potenlial of 
V3 IS fixed to the Vdd side by the pull-up resislor 4 m a 
no-power-genoration state However, when the power 
5 genoraiion occurs lo stan charging of the capacitor 3 
the potential of V3 begins lo fall to the Vdd side When 
the vollape of Vi decreases to Vss. and the MOS tran- 
sistor 2 IS turned off. charging to the capacitor 3 15 
stopped However, the potentiai of V3 is kept constant 

10 by the capacitor 3 The above operation is repeated 
while generation continues, and the potential of V3 de- 
creases to Vss lo be stable When the potential V3 ts 
lower than the threshold value of the inverter circuit 5. 
the pov^er-generatton detection signal Vout serving as 

?5 an output from the inverter circuit 5 is switched from 
"LOW" lo "HT, and generation can be detected Re- 
sponse lime until generation is detected can be arbitrar- 
ily set by connecting a current-limiting resistor, by 
changing the capability of the MOS transistor to adjust 

20 the value of a charge current tor the capacitor 3. cr 
changing the capacitance of Ihe capacitor 3. 

When the power generation is slopped, since V1 is 
stable at a Vss level, the fvlOS transistor 2 is f^epl in an 
OFF state The voltage of V3 is continuously held for a 

25 vvhilc by the capacitor 3 However, since charges of the 
capacitor 3 are discharged by a small leakage current 
generated by the pull-up resistor 4. V3 begins to grad- 
ually increase from Vss to Vdd When V3 exceeds the 
threshold value of the inverter circuit 5 the power-gen- 

30 eraiion detection signal Vout serving as an output fronn 
the inverter circuit 5 is switched Irom "LOW" lo "HT. a 
no-power-generalion stale can be detected This re- 
sponse time can be arbitrarily set by changing the re- 
sistance of the pull-up resistor 4 and adjusting the leak- 

55 age current of the capacitor. When the power-genera- 
tion deieciion signal Vout serving as an output from the 
inverter circuit 5 is monitored as described above, the 
stale ol power generation can be detected 

Therefore, if the stale of power generation can be 

•^0 detected, setling/cancelling'of a power save mode is 
switched v^ith respect to the circuit unit 14 by the power 
save control circuit 30 depending on the state, and op- 
eration lime in no-power-generalion stale can be elon- 
gated by suppressing power consumption 

-ts 

(Embodtmeni 2) 

FIG 4 shows dn embodiment of ihe p»esenl inven- 
tion and an example wherein a cuiient-limitmg resistoi 

50 15 IS connected in series with a capacitor 3 Since this 
embodiment has almost the same arrangement as that 
in FiG 2. the sanne reference numerals as in FIG, 2 de- 
note the same parts in FIG 4 A charge current of the 
capacitor 3 when a MOS transistor 2 is turned on and 

55 response time until a power-generation detection signal 
IS output can be adjusted by changing the value of the 
currenl-iimiting resistor 15 As in this embodiment when 
the current-limit tng resistor 15 ts connected, a charge 
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current to the capacitor 3 decreases. For this reason, a 
longer time Is required to make a capacitor voltage V3 
lower than the threshold voltage of the inverter, and the 
time until a power-generation detection signal is output 
becomes long. 

(Embodiment 3) 

FIG. 5 shows an embodiment of the present inven- 
tion and an example wherein a switching MOS transistor 
is constituted by a P-channel MOS transistor 16. The 
positions of a capacitor and a MOS transistor are re- 
versed to those in the arrangement of an N-channel 
MOS transistor shown in FIG. 2 with respect to a power 
supply voltage. Since this embodiment has almost the 
same arrangement as that in FIG 2. the same reference 
numerals as in FIG. 2 denote the same parts in FIG. 5. 
In this arrangement, in order to turn off the P-channel 
MOS transistor 16 in a no-power-generation state, an 
output voltage VI of the power-generation device in a 
no-power-generation state must be stable at Vdd. and 
VI is preferably connected to Vdd through a resistor As 
this resistor, a MOS transistor having a high ON resist- 
ance may be used. 

(Embodiment 4) 

FIG. 6 shows an embodiment of the present inven- 
tion and an example wherein a pull-up resistor is con- 
stituted by a constant-current circuit Since this embod- 
iment has almost the same arrangement as that in FIG. 
2. the same reference numerals as in FIG. 2 denote the 
same parts in FIG. 6. A constant-current circuit is con- 
stituted by a current mirror circuit constituted by a con- 
stant-current source 17 and MOS transistors 18 and 19. 
and a slight constant current flows from Vdd to V3. In 
order to hold outputting of a power-generation detection 
signal Vout for a long period of lime, a leakage current 
of the capacitor must be reduced, and the resistance of 
the pull-up resistor considerably increases. In this case, 
a variation in resistance is enlarged, and output holding 
lime of a power-generation detection signal Vout has 
characteristics having a large variation. When the gen- 
erating detection circuit is constrtuted by the constant- 
current circuit as in this embodiment, a small leakage 
current value such as several nA can be set. and a var- 
iation in leakage current can be advantageously made 
considerably smdilei than that in the arrangement 
wherein the generating detection circuit is constituted 
by a resistor 

(Embodiment 5) 

FIG. 7 shows an embodiment of the present inven- 
tion and an example wherein a voltage detection means 
is constituted by a Schmidt trigger inverter circuit. Since 
this embodiment has almost the same arrangement as 
that in FIG 2. the same reference numerals as in FIG 



2 denote the same parts in FIG. 7. When the voltage 
detection means is constituted by a Schmidt trigger in- 
verter circuit 20 having hysteresis characteristics, stable 
power-generation detection can be advantageously 
5 performed without being influenced by an instantaneous 
variation in voltage V3 of a capacitor 

(Embodiment 6) 

^0 FIG. 8 shows an embodiment of the present inven- 
tion and an example wherein a voltage detection means 
is constituted by a comparator circuit 21 . Since this em- 
bodiment has almost the same arrangement as that in 
FIG. 2, the same reference numerals as in FIG. 2 denote 

'5 the same parts in FIG. 8. The comparator circuit 21 com- 
pares an output voltage V4 from a reference voltage 
generation circuit 22 with a capacitor voltage V3. If V3 
is lower than V4. the comparator circuit 20 outputs a 
power-generation detection signal to be "HI". 

20, In the electronic device comprising the generator 
shown in FIG. 2. a power supply voltage changes de- 
pending on the charging state of the large-capacity ca- 
pacitor 1 3 and varies depending on the voltages at both 
the ends of the large-capacity capacitor 13. When the 

25 voltage detection moans is constituted by an inverter, 
the threshold voltage of the inverter changes to be in- 
terlocked with a variation in power supply voltage Vdd. 
For this reason, power-generation detection time also 
varies When the voltage detection means is constituted 

30 by the comparator circuit 21 as in this embodiment, the 
threshold value of power-generation detection is kept 
constant without being influenced by a variation In pow- 
er supply voltage, and stable detection at a high preci- 
sion can be realised. 

35 

(Embodiment 7) 

FIG. 9 is a concept chart showing VI which is output 
from an electromagnetic generator 6 and changes de- 

•^0 pending on a change in rotating speed of a rotor 1 0 and 
a power-generation detection signal Vout for VI . In par- 
ticular FIG. 9{a) shows a case wherein the rotating 
speed of the rotor 10 is low. and FIG. 9(b) shows a case 
wherein the rotating speed of the rotor 10 is high. The 

•^5 voltage level and cycle (frequency) of VI output from 
the electromagnetic generator 6 change depending on 
the rotating speed of the rotor 10. More specifically, as 
the rotating speed is higher, the voltage level of VI is 
high, and the cycle is shortened. For this reason, the 

50 length of output holding time (ON lime) of the power- 
generation detection signal Vout changes depending on 
the strength of power generation of the electromagnetic 
generator 6. More specifically, when the output V1 
slightly changes as in FIG. 9(a), the output holding time 

55 is represented by tt: when the output V1 change is large 
as in FIG. 9(b), the output holding time is represented 
by 12 The output holding times tl and t2 satisfy the re- 
lationship t1 < t2 As described above according to the 
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length of the output holding time of the power-genera- 
tion detection signal Vout the strength of power gener- 
ation of the electromagnetic generator 5 can be known. 
Embodimerit 7 described above can also be applied to 
Embodiments 1 to Embodiment 6 described above, as 
a matter of course. 

(Embodiment 3) 

FIG 10 is a concept chart showing VI which is out- 
put from the electromagnetic generator 6 and changes 
depending on a shaking manner of a wrist walch when 
the electromagnetic generator 6 is applied to the wrist 
watch or the like, and a power- generation detection sig- 
nal Vout for VI, For example, when the power-genera- 
tion detection circuit 1 is applied to a wrist walch. the 
rotating speed ot the rotor 10 changes depending on the 
motion of a user More specifically, when the user 
strongly shakes the watch with his/her hand or strongly 
shakes his.'her hand with the walch attached, as de- 
scribedabove. the output holdingttrne of the powei -gen- 
eration detection signal Vout becomes long In contrast 
to this, when the user does not strongly shake the watch, 
the output holding time of the power-generation detec- 
tion signal Vout becomes short Therefore, when it is dc- 
iGcted whether the output holding time o1 the power- 
generation detection signal Vout continues for a prede- 
termined period of time, it can be known whether the 
user strongly shakes the watch (wrist watch) or not In 
this case, when the OFF slate of the power-generation 
detection signal Vout continues to sel a power save 
mode, if the output holding time of the power-generation 
detection signal Voul continues tor the predetermined 
period of time: it is determined that the user cancels the 
power save mode, and the power save mode may be 
automatically cancelled. 

However, the following is known That is when the 
user strongly shakes the walch, as shown in FIG 1 0(a). 
a rotating weight 7 is irregularly rotated. VI serving as 
an output from the eleclromagneiic generator 6 has two 
amplitude peaks. In this case, when the capacity of a 
capacitor 3 is smalt, or when the resistance of a pull-up 
resistor 4 inserted in the discharging path of the capac- 
ilor 3 IS low. and a discharge current is large, the power- 
generation detection signal Vout is temporarily discon- 
tinued at the trough between the two peaks Therefore, 
the strength o! power generation is not in proportion to 
the output holding lime of the power -generation detec- 
tion signal Vout. and the powei save mode is not can- 
celled according to the intention of a user. 

In Embodiment 3 described above, the capacity of 
the capacitor 3 increases to prevent the power-genera- 
tion detection signal Vout from being discontinued FIG. 
10(b) is a concept chart showing VI obtained when a 
user strongly shakes a wrist watch to which the electro- 
magnetic generator 5 is applied when the capacity of 
the capacitor 3 is increased and a power-generalion de- 
tection signal Vout for VI As shown inFtG 1 0(b) when 



the capacity of the capacitor 3 is increased, charges are 
suppressed from being reduced the trough between 
two peaks, and it can be understood that the power-gen- 
eration detection signal Vout continues without any dis- 

5 continuation Therefore the output holding time of the 
power-generation detection signal Vout corresponds to 
the strength ot power generation, and the power save 
mode can be correctly switched 

In this manner, an improvement in the capacity of 

'0 the capacitor 3 described above is effective especially 
when, in cancelling the power save mode, the wrist 
walch IS strongly shaken by a user so as to ensure that 
the power save mode is cancelled according to his/her 
intention. 

^5 Although Embodiment 8 described above is applied 
to the arrangement of Embodiment 1. Embodiment 6 
may be applied to not only the arrangement of Embod- 
iment 1. but also the arrangement of Embodiment 2 to 
Embodiment 7 as a matter of course 

20 

(Emboditnenl 9) 

FIG 11 is a circuit diagram showing the basic ar- 
rangement of the power supply block shown in FIG. 2. 

25 VI andV2 arc output froman electromagnetic generator 
6. VI and V2 have AC waveforms which are reversed 
with respect to each other on the pre-stage of a rectifi- 
cation diode bridge 1 2 as shown in FIG. 1 2, Therefore, 
an arrangement in which a power-generation detection 

30 circuit 1. as shown in FIG 13. is switched by using the 
VI and V2 to charge the capacitor 3 is considered The 
same reference numerals as in FIG 2 denote the same 
parts in FIG. 11. and a detailed descnption thereof will 
be omitted. 

35 VI output from the electromagnetic generator 6 is 

supplied to the gale of the IVIOS transistor 2, and V2 out- 
put from the electromagnetic generator 6 is supplied to 
the gale of a MOS transistor 2a. As is apparent from 
FIG 1 3, when the fvlOS transistor 2 and the MOS tran- 

•^0 sistor 2a are alternately turned on/otl, the number of 
times of switching islwice thenumberof times of switch- 
ing in. e g . the arrangement shown in FIG 2. Asa result, 
the charging time of the capacitor 3 becomes short, and 
the potential of V3 can more rapidly reach Vss if power 

-*5 generation continues. Therelore. the rise tinne ot the 
power-generation detection signal Vout can be short- 
ened 

Although Embodimenl 9 described above is applied 
to the arrangemeril of Embodiment ^, Embodiment 9 

50 may be applied to not only the arrangement of Embod- 
imenl 1 , but also the arrangement of Embodiment 2 to 
Embodiment 3 as a matter of course. 

In each of Embodiments 1 to 10. as the power-gen- 
eration device 6. an electromagnetic power-goneration 

55 device is used which transmits rotating motion of the ro- 
tating weight 7 to the rotor 10 and rotates the rotor 10 
to cause the output coil to generate electromotive force 
However, the power-generation device 6 is not limited 
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to the above power-generalton device, and power-gen* 
eration devices having Ihe following arrangements may 
be used. That is. rotating motion is generated by recov- 
ery force of a spring to generate electromotive force by 
the rotating motion, and vibration or displacement ex- 
ternally generated or generated by itself is applied to a 
piezoelectric member to generate electric power by a 
piezoelectric effect 

As the electronic device to which the power-gener- 
ation detection circuit 1 is applied, not only a wrist watch 
but also a pocket watch or a table timepiece may be 
used In addition, the power-generation detection circuit 
1 can also be applied to an electronic device such as a 
pocket calculator, a portable telephone, a portable per- 
sonal computer, an electronic organiser, or a portable 
radio The power-generation detection circuit 1 may be 
used to recognise a charge amount of a large-capacity 
capacitor and provide control for preventing an over- 
voltage from being applied in a power-generation state. 

As an application of the power-generation detection 
circuit 1 described above, as shown in PIG. 14, the out- 
put holding time (lime in a HI state) of the power-gener- 
ation detection signal Vout is counted, and the differ- 
ence between the count value CNT and a lime reference 
timepiece TCLK is always counted by an up-down coun- 
ter or the like, so that a charge amount can be recog- 
nised in real time. When the charge amount is recog- 
nised. Ihe charge amount can be notified (shown) to a 
user 

When a circuit such as a constant-current genera- 
tion circuit which is driven by sampling to pertorm a low- 
power operation is used, this circuit is disadvanlageous- 
ly weak in a variation in power supply voltage (Vss) In 
a period in which the power-generalion detection signal 
Vout from the power-generation detection circuit 1 de- 
scribed above is set in a HI state (power-generation de- 
tection state), a sampling duty of a circuti such as a con- 
slanl-currenl generation circuit which is driven by sam- 
pling is increased, or the constant-current generation 
circuit is always driven, so that an erroneous operation 
or characteristic degradation caused by the variation in 
power supply voltage of the circuit can be prevented 

The large-capacity capacitor 1 3 shown in FIG 1 has 
the following drawbacks That is. because of the internal 
resistance of the large-capacity capacitor 13. voltages 
at both the ends of the large-capacity capacitor 1 3 are 
higher in a power-generation stale then in a stationary 
sidle and overcharging occurs. Therefore, in a stale 
wheiein the voltage of Ihe laige-capacity capacitor 13 
is equal to or higher than a predetermined voltage, when 
power generation is detected by the power-generalion 
detection circuit 1 (the power-generation detection sig- 
nal Vout is set in a Hi state), the limrtor circuit is opcral- 
Gd. so that the large-capacity capacitor 1 3 can be pre- 
vented from being overcharged. 



[Advantages] 

Since the present invention is arranged as de- 
scribed above, the present invention has following ad- 
5 vantages. 

When charqinp/discharpinp of a capacitor is con- 
trolled by a simple arrangement constituted by a MOS 
transistor, a capacitor, and an inverter circuit to detect 
the voltage of the capacitor, the power-generation state 
^0 of a power-generalion device can be delected. By using 
a leakage current of a pull-up resistor, a state wherein 
power generation is stopped can also be detected. De- 
tection lime of the power-generation detection signal 
Vout can be arbitrarily adjusted by connecting a currenl- 
is limiting resistor in series with the capacitor or changing 
the capacitance of the capacitor. 

When a constant-current circuit is used in place of 
a resistor, a small leakage current of the capacitor can 
be set without variation, and power-generalion delec- 
20, lion at a high precision can be performed. 

When the voltage detectbn means is consliluled by 
a Schmidt trigger inverter circuit, its hysteresis charac- 
teristics make it possible to periorm stable power-gen- 
eration detection without being influenced by a variation 
2S in voltage of the capacitor 

In addition, when the voltage deteelion means is 
constituted by a comparator circuit an arbitrary thresh- 
old value can be set, and stable power-generation de- 
lection can be performed without being influenced by a 
30 variation in power supply voltage 

Furthermore, when the output holding lime of the 
power-generation detection signal Vout is considered, 
the sUengih of power generation can be known accord- 
ing to the output holding lime of the power-generalion 
3S detection signal Vout. 

Claims 

-^0 1. A generation detection circuit characlensed by 
comprising. 

switching means for performing a switching op- 
eration depending on a cycle of an AC power 
■^5 which IS externatly generated; 

a capacity element tor storing charges depend- 
ing on a switching operation performed by said 
switching means. 

discharging means, inserted in a discharging 
50 path of said capacity element, for discharging 

the charges stored in said capacity element, 
and 

voltage detection moans for dctocting that a 
voltage of said capacity element exceeds a pre- 
ss determined value. 

2. A power-generation detection circuit according to 
claim 1. characterised in that said discharging 
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means is a resistor element 

3. A power-generation detection circuit according to 
clajm 1, characlonsed in that said discharging 
means is constiluted by a constanl-current circuit 

4. A powGr-generation dcteclion circuit according to 
claim 3. characterised in thai said constant-current 
circuit IS constituted by a constant-current source 
and a current mirror circuit 

5. A power-generation detection circuit according to 
claim 1. characterised by comprising a current-lim- 
iting means connected in series with said capacity 
element, for limiting a charge current of said capac- 
ity element 

6. A power-generation detection circuit according to 
claim 1 . cnaracterised in that said voltage detection 
means is an inverter circuit 

7. A power-generation detection circuit according to 
claim 1 . charactensed in that said voltage detection 
means is a Schmidt trigger inverler circuit 

8. A power-gonoration deloction circuit according to 
claim 1 . charactensed in that said voltage detection 
circuit is a comparator circuit 

9- A power-generation detection circuit according to 
claim 1 . characterised in that said switching means 
IS a transistor 

10. A power-generation detection circuit according to 
claim 9, characterised in that said transistor is a 
M05 transistor 

11. A power-generation detection circuit according to 
claim 9. characterised in that said transistor is a bi- 
polar transistor 

12. A senniconductor device characterised by compris- 
ing 

switching means lor pertorming a switching op- 
eration depending on a cycle ol an AC power 
which IS externally generated 
a capacity element \o\ slonng cfiaiges depend- 
ing on a switchirig operation per (oiined by said 
switching means 

discharging means, inserted m a discharging 
path of said capacity Glcmenl for discharging 
the charges stored in sard capacity clement 
and 

voltage detection means for detecting that a 
voltage of said capacity element exceeds a pre- 
determined value 



13. A semiconductor device according to claim 12 
ch;HrHCtcrisod in that said discharging means is con- 
stituted by a conslanl-currenl source and a current 
mirror circuit, 

5 

14. A semiconductor device according to claim 12 
characterised in that said current mirror circuit is a 
pair ol transistors 

^0 15, A semiconductor device according lo claim 12 
characterised in that said switching means is a Iran* 
stslor. 

16. A semiconductor device according to claim 12 
'5 characterised in that said transistor is a fVlOS tran- 
sistor. 

17. A semiconductor device according to claim 12. 
characterised in that said transistor is a bipolar tran- 
ce*, sislor. 

18. An electronic device characterised by comprising. 

a power-generation device for generating an 

25 AC power; and 

a power-generation detection circuit constitut- 
ed by switching means for perfomning a switch- 
ing operation depending on a cycle of the AC 
power generated by said power-general ion de- 

00 vice, a capacity elemeni for storing charges de- 

pending on a switching operalion performed by 
said switching means discharging means, in- 
serted in a discharging path of said capacity el- 
ement lor discharging the charges stored in 

35 said capacity element, and voltage detection 

means lor detecting that a voltage of said ca- 
pacity element exceedsa predetermined value 

19. An electronic device according to claim IB. charac- 
-io tensed in that said power-generation device has a 

rotating weight for performing swing motion and a 
power-generalion element tor generating electro- 
motive force by rotating motion performed by said 
rotating weight 

■ib 

20. An electronic device according to claim 16. charac- 
terised in that said power-generation device has an 
elastic member on which delorrnalion force acts, ro- 
tating means foi peiloiming rotating motion by le- 

50 covery torce generated by causing said elastic 
member to return to an original shape, and a power- 
generation elemeni for generating electromotive 
force by the rotating motion of said rotating means 

55 21. An electronic device according to claim 18. charac- 
terised in that said power-generation device has a 
piezoelectric element which generates electromo- 
tive torce by a piezoelectric effect when displace- 
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ment acts on said piezoelectric element. 

22. An electronic device characterised by comprising: 

a power-generatton device tor generating an 
AC power; 

a power-generation detection circuit constitut- 
ed by switching means lor performing a switch- 
ing operation depending on a cycle of the AC 
power generated by said power-generation de- 
vice, a capacity element for storing charges de- 
pending on a switching operation performed by 
said switching means, discharging means, in- 
serted in a discharging path of sard capacity el- 
ement, for discharging the charges stored in 
said capacity element, and voltage detection 
means for delecting that a voltage o\ said ca- 
pacity element exceeds a predetermined value: 
and 

a control circuit lor controlling power consump- 
tion of said device on the basis of a detection 
result of said voltage detection means 

23. An electronic device according to claim 22, charac- 
terised in that said control circuit dctcmnincs that 
said power-generation device does not perform 
power generation when a voltage of said capacity 
element is not more than the prcdelernnined value, 
and reduces power consumption of said device 

24. An electronic device according to claim 23. charac- 
terised in that said control circuit determines that 
said power-generation device is performing power 
generation when a voltage o( said capacity element 
exceeds the predetermined value, and cancels the 
reduction in power consumption. 

25. An electronic device according to claim 22. charac- 
terised in that said control circuit controls the power 
consumption of said device in consideration of the 
length of time in which a voltage of said capacity 
element exceeds the predetermined value 

26. A timepiece characterised by comprising 

a power-generation device tor generating an 
AC power. 

a powei-genetalion detection circuit conslilul- 
ed by switching means for peifoi mmg a switch- 
ing operation depending on a cycle of the AC 
power generated by said power-generation de- 
vice, a capacity element for storing charges de- 
pending on a switching operation performed by 
said switching means, discharging means, in- 
serted in a discharging path of said capacity el- 
ement, for discharging the charges stored in 
said capacity element and voltage detection 
means lor detecting that a voltage of said ca- 



pacity element exceeds a predetermined value: 
and 

a timer circuit for counting time. 

5 27. A timepiece according to claim 25, characterised in 
that said power-generation device, said power-gen- 
eration detection circuit, and said timer circuit are 
accommodated in a housing of a wrist watch. 

TO 28. A timepiece according to claim 26. characterised in 
that said power-generation device, said power-gen- 
eration detection circuit, and said timer circuit are 
accommodated in a housing of a pocket watch. 

75 29. A timepiece according to claim 26. characterised in 
that said power-generation device, said power-gen- 
eration detection circuit, and said timer circuit are 
accommodated in a housing of a table clock. 

20 30. A power-generation detection method characler- 
isecJ by compiising 

the first step of performing a charging operation 
to a capacity element by a switching operation 
^5 depending on a cycle of an AC power which is 

Gxlernally generated: 

the second step of performing a discharging op- 
eration of said capacity element when a charg- 
ing operation is not performed to said capacity 
30 element 

the third step of determining whether a voltage 
of said capacity element is a predetermined 
voltage, and 

the fourth step of determining that power gen- 
35 eration is performed when the voltage exceeds 

the predetermined voltage. 

31. A power consumption control method characterised 
by comprising 

40 

the first step of performing a charging operation 
to a capacity element by a switching operation 
depending on a cycle of an AC power which is 
externally generated: 
•^5 the second step of performing a discharging op- 

eration of said capacity element when a charg- 
ing operation is not performed to said capacity 
element. 

the third step of determining whethet a voltage 
so of said capacity element is a predetermined 

voltage: 

the fourth step of determining that no power 
generation is performed when the voltage does 
not exceed the predetermined voltage: and 
55 the fifth step of reducing power consumptron of 

a circuit unit when no power generation is per- 
formed 
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32. A power consumption control method according to 
cl3fm 31 characterised by comprising 

the sixth step of determining whether tinne in 
which the voltage exceeds the predetermined 
voltaqo continues for a predetermined period of 
time: and 

the seventh step of canccfling a reduction in 
power consumption of said circuit unit when the 
time continues for the predetermined period of 
time. 
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